REQUEST FOR ISSUANCE OF CERTIFICATE OF CORRECTION 
"Method for Reducing Tensile Stress Zones in the Surface of a Part" 

Serial No. 09/516,327 
Atty. Docket No. LMBD- 11 0520.004 
Page 1 of 3 


IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

Inventor: Paul S. Prevey, III 
Serial No.: 09/516,327 
Filed: March 1 , 2000 


Title: "Method for Reducing Tensile Stress 
Zones in the Surface of a Part" 

Date: December 7, 201 1 

Atty. Docket: LMBD- 1 10520.004 


Examiner: Edward Lefkowitz 


REQUEST FOR ISSUANCE OF CERTIFICATE OF CORRECTION 

FILED BY EFS-Web 

Honorable Commissioner of Patents and Trademarks 
Mail Stop: Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Patentee, for the reasons set forth in the remarks and exhibits that follow, requests the 
issuance of a Certificate of Correction for U.S. Pat. No. 6,622,570; to correct an error made by 
the U.S.P.T.O during Ex Parte Reexamination of this patent. 

Remarks begin on page 2 of this paper. 

Nine sequentially numbered Exhibits begin on page 4 of this paper. 
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REMARKS 

Applicant believes that the U.S.P.T.O. erroneously entered an improper set of allowed 
claims into Ex Parte Reexamination Certificate (6442°'') for U.S. Pat. No. 6,662,570 CI, said 
Reexamination Certificate being issued September 16, 2008. 

1. Ex Parte Reexamination of U.S. Pat. No. 6,662,570 CI (Exhibit 1) was granted on March 
30, 2005; and was assigned application number 90/007,383. 

2. Near the completion of the Reexamination, Applicant entered a set of amended claims on 
July 13, 2006 (Exhibit 2), which were rejected in part (Claims 1, 2, and 4-8) and found 
patentable or confirmed in part (Claims 3, 9-11) on August 11, 2006. 

3. Applicant and Examiners held an Ex Parte Interview on September 7, 2006, during which 
the application and possible further amendment was discussed. 

4. Applicant filed an Interview Summary under 37 C.F.R. 1.560(b) on September 8, 2006. 
(Exhibit 3) 

5. The Examiners filed an Ex Parte Reexamination Interview Summary on September 22, 
2006 (Exhibit 4). 

6. Applicant concurrently filed a Response and Amendment on September 8, 2006, making 
arguments and amendments as had been discussed in the Interview. (Exhibit 5) 

7. Handwritten notations, "PLEASE ENTER - 9/26/06" and "ok to enter (signature) Mark 
J. Reinhart, SPRE-AU 3992 Central Reexamination Unit" were entered in the file history in 
regards to the amendments of September 8, 2006. (Exhibit 6) 
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8. A Statement of Reasons for Patentability and/or Confirmation was entered into the record 
on October 3, 2006; by Examiners Minh Nguyen and Mark J. Reinhart. (Exhibit 7) 

9. Ex Parte Reexamination Certificate (6442°'') for U.S. Pat. No. 6,662,570 CI, was issued 
September 16, 2008. (Exhibit 8) 

1 0. However, for reasons unknown, the Reexamination Certificate was printed with the July 
13, 2006 set of amended claims (Exhibit 1), rejected as of August 11, 2006; instead of the set of 
allowed claims filed September 8, 2006 (Exhibit 4); and entered by the Examiners on September 
26, 2006. (Exhibits 5, 6) 

1 1 . Applicant hereby requests correction to reflect that the Reexamination Certificate should 
have been issued with the September 8, 2006 claims, as entered, and provides a clean copy of 
those claims herein as Exhibit 9. 

Respectfully submitted, 

December 7, 20 1 1 /Michael J. Gallagher/ 

Michael J. Gallagher 
U.S.P.T.O Reg. No. 52405 

Gallagher & Dawsey Co., LPA 
U.S.P.T.O Customer No. 34,142 
614-228-6280 EXT. 18 (Telephone) 
614-228-6704 (FAX) 
mgallagher@invention-protection.com 
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EXHIBIT 1 


US006622S7QB1 

(12) United States Patent m patent nik: US 6,622^70 Bl 

Pmey,m (4S) Date of PMent: Sqi.23,2003 


(54) METHOD TOR RKDUCING TENSILE 
STRESS ZONES IN THE SURFACE OF A 
VAST 

(75) invenlor tad S. Vivkj, IB, rmriimiti, OH 
(US) 

(73) AngDee: Sratwe Ikdnoiogy Hoidiiigi Ud, 
Ctaamili, OH (US) 

(•) Kolice: Sii»ijectto«Dydiiifl«ininvlliBtennoflliia 
patsal is extended m e dp i s lc rf under 35 
VS.C. lS4(b)byOda]r>. 

(21) Apfi.Na.-.miSUM' 

(22) Faed: Mn;l,2«0 

(51) htCL' caiMyn 

(52) VS. a ..„ 73/SZ*: 72/75 

(58) ndd of SouTk 73/11X12, 8S2Xm, 

73/826; 72/75, 379.6, 379A 29/90.01 

(56) RifciuMCs Cited 

U.S. PATENT DOCUMENT 


1,784;BS6 A 

12/1930 

Fakirmnk) 


3/mpa A 

2/1970 

OoOKbaM 

29/90 

3.7W,S95 A 

imm 


.... 204/29 

3,sauio A 

6/19T4 

Kdca _ _ 

29m 

4,118^46 A 

10/1978 

Kaik _ _. 

29/90 

4,132^ A 

1/1979 

OdverctiL 

T2/t02 

4^143 A 

• I1/I9S2 


.. 228/lSS 

4,S09351 A 

4/I98S 

RoUaetaL - 

72/19 

*^f»i A 

1/1986 

MMee - 

72/19 

4jgZl^ A 

4/1989 


29/lS9i)l 

AfiOfiM A 

91990 

0>ta<i« 

72/M 

Si)9»,S58 A 

3/1992 


... 29/90111 

5,329^ A 

7/1994 

Budtt d at 

.. 29/90.01 

5,522,706 A 

6/1996 


. . 416/215 

5,525,429 A 

6/1996 

MamiwieiiL _ 

~ 428/610 

S,643jaS5 A 

• 7/1997 

liazeD 

451/36 

5>S«6341 A 

9/1997 


72/110 

5jS»,4S3 A 

• l(V1998 

Plevey, UI 

72/75 


FOREIGN PATENT DOCUMENTS 

EP 0041248 12/1981 

FR 2662623 Al 5/1990 

IP 62-292362 12/1987 

OTHER FUBUCAHONS 

Ibob For Rotter BamiMiig, DeepRoUbig, Parmtag,pib. 

by Cbg^ Ibol PRxbctt, loc (1996). 

IKnr, by M. nnaal, M.H. Bludr ud SM. Scnge, Ebevier 

Scqnou. voL 127. pp. 125-127 (1988). 

TV liaamremem afSabmrfiax Raidual Sara and CoU 

Wariting DtOfOmttaa m HkM Base Attoys. by Pnd S. 

Prevey, pnb. ASU Confaenoe noocedtoss (1987). 

OassifiattUm cfMetal-Biomslung MeAods and Tools, by 

Yu. G. Scneider, AfocUna and TaoSng, vol XL, No. 1 pp. 

3S-39(1969). 

StattsticalAnafysb cftiieEgeas cfBaOSimiisUngPanm- 
am an Staface Hanmess, by. NJI. Loh. S.C. Ikm. B. 
Miyaziwi. Efaevier Seqnoh (1988). 

* ciled by cxuniiicr 

Primary Exanitter—BiwtzA Lcfkowilz 

Asststaiu ExamiMT lilybeU Matir 

(74) Aaameyi Agent, or Flm—UsA F. Smith; Smilb 

Braodenbnig Ud. 

(57) ABSTRACT 

The |»eaeid inveuioo is a Dovel method fi>r ledttcmg tcDsile 
zones in the sur&ce <d a part oomprising the steps of 
sdecliag a icgiaD of the pan to be treated and prognnnning 
a cootrat unit of a bumdung appanhu to perfbnn a 
buniishing operation, the bumisfaing opeiatiao being per- 
fonned such that die density of buniisfaiag and the magni- 
tude of coujpresaioo aie varied to leduce Ifao high tensile 
stress along the bonndarira of the selected region. In a 
pfefnred embodiment of the inveoliDn the burnishing opcn- 
lioa induces a deep layer of oompreasian within the aufasc 
havii^ associated cold woildng of less ditn abonl 5j0 
peroBot 
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Sdecf the area of 
part 
to be treated 


Selecting tte desired 
magratude of concession 
and 

residual stress distrltx/tlon 


Exerting i^essure against ttre surface 
of the selected region, the pressure 
Mng applied In a selected pattern along 
the surface to form zones of deformation 
having a deep layer of concessive stress 


Varying the pressure b^ng exerted against 
the surface to produce the desired 
residual stress distribution and magnitude of compr^slon 
within the surface 


Fig. 1 
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METHOD FOR REDUCING TENSILE ttlowlevebofpliaksttiin(ty|iieanybM»eeoib(ntt 

STRESS ZONES IN TBS SURFACE OP A to abont 0 j%) wben tbc rotor did^ a looeknted to fiill 

n^irr apccd.lflfasraifacaluvebeeDhigMyoaU«iiifccd,sacfau 
daring shot pccning, the cold wMfctd oompicssivt M i if i f y 
s malBful win not yieU in tension wliik the lower yieU 

RELATED mTENTAFnJCAnONS stieiiglta intefiar mitcriil wiD yicU during engiiie opentkm. 

11iepi<»ttA|Ttic.iioade.bwilfaitbtedsid>)ecttDi^ " '^tiT'T^ "^^^ 

in oo^iwliJM ul. pitmt wHcitioo eotitl^^ smto b dnwn into tenaoo md wiD iwnM m tenaro, 

AND AmSAIVS^^ FROVromO A RESIDUAL Us Mgne lift, far flie tcmiming Ufc of the 

STRESS DISTRIBUTION INIHESURFACEOFAmRT. «»ni>«>"'- 

fibd on tbe suoe day as tte present appUcalion and having Another metfaod commonly used in infasuy to loduse 

die same inventor in oommoa. oomptcasivB areas in the surface of a part is bscr sbodr 

jrrTfWyg^ nihjjjhy mnlKpIll mHjtOTI pilMM fmm high femw 

BACKGROUND OF THE INVENTION poked laseispicdiioe shock waves on Ibesurboe of the pan 

This inventioi relates to a method for reducing lennk " <«>.P^ • ^ magmlnde l^Kzed ao^^ area. 

alraBinninlhesi»faceofapartand.ni^nnticulaily. wittan a partualar «g»n. Unfcttnnately, ho«ver, toer 

to a med«d of reducing or elindnaringteiBile sues. xooe. shoA peanng B ietan«ly expense and tm« conam^ 

orcooGentratioasw^ttaesarftoeofaparttoinipmve nuking Snnaoceptable for many appbcauoos. 

fatigue and stress anrasion perfoimancB of the part aod an A mednd which have been devekiped and is widely used 

an>ai»lua for iiupl em eulin g the method. in industry to impnm smboe 6^A, btigne life, aod 

Surface residual stresses aicbKiwD to have a majoteOwl omosiDn lesistanoe by detMiiiing the surfwe of « part is 

upon the fatigue aod stress conosioo performance of ooiD- bumiahingwherebyarotaryorslidingbtBniahingmemberB 

pooent parts. Ikusik residual stresK^ wUcb can develop pra»ed "giii* *t mrfaixrf (he part b older to <»^^ 

duringnianufaGlming|»iccacs8ucfaasgrinding.tiirniiK,or « the mictosoopic peaks m the surface into adjacent hollows. 

weUiog «e wen known to tedntt both fatigue life and Burmaling operates to develop comprKsive stt^ 

inoeaaeaeoaitivitytacartDsioi^btigueandslrBiBcorrosian the part by y ttlding th e surto m tensmn so that d letnrns 

ca<^ of the part Further, many pans that ate aabjeded to a state of oompiBssion foltowmg deforinaimn. 

to hzgb dynamic i M i t i w t h or have areas where stress ogoccii- The bumiafaing qipsratus ntilirod for woiking the sa rf ace 

trations occur, such as blades and the lotor disks of nabo 30 <>^ • P*" typ><:*'ly oonviise a plurality of cylindrical toOets 

macfaitBry, are pniae to crack toitiation and relatively tqnd or balls which contact die sarboe of the put with suffieieot 

crack giowth. Tbt blades typically comprise an airfoil pressure to m d uce a compfesssnfe stress tfaercin. Hie mlio- 

p ftrtinfi^ « platfivm for partially 'h^^h^z a aurf atfr for flukl ductico of a regton of high ouujjMcasive leaidual stress will 

fkiw there over when the bhkk is moanled to the rotor disk, necessarily require tetoite sitesaes ebewlieie in the part to 

a wff4pffttiwi**** 'i" |^" lT i i 1 iiff ' ^ i ^T *'^ '* *''lpr^^" H r tt * "* 35 adiieve equiKbriinD. Bipulibiiiuu only leqrocs that the sum 

, iiiM lgwMiiHg azially extending TTt npi T " '* " *** y grooves of of all the oonnal itfiiijaww and moments anting 00 any phiM 

the di^. During engine operatkm. the rotor diik and tbe through the entire part sum be zero. UnCoitiuialely, sharp 

blade are subjected to large ocntdfiigal loads that produce surface demarcatiooty|rieallyezisls along die boundaries 

Ugh dynamic stresses that may cause high cycle fatigue tbe bumiabed area. It has been found that depending upon 

along partialis of die rotor disk and the blade causing ^ the geometry and stress flbd. tensik residua] stresses are 

infMng pnwidlilft faiiMw; of i^i^ part Vnfth^.f^ rtw i^yrf^ng oflco fociDod aloog such boimdaries. As di)u'liwic<l herein, it 

iiHpi «f ttut airfnit i«nftnn mtyyterf In Amay . ^^tif^ hy ri^ has beeu foupd thai gradually reduring thc piessurc beiiig 

impact of foteiga objects in the fluid stream. Sttdi impact exerted by the burmshiog moidier to reiiitce tbe magnihide 

often results in cnda fbrmiiig aloog the leading edgs that of compressioa at die boundaries will rednoe the build up of 

may lesalt in faihue of tbe blade. tensile residual stress. Hnther; it has been found that by 

it is well known that compreaaive residual stresses oonlrolliag thc c u u n ae saiv e residual stress diatrawlko and 

induced in the sar&oe of a part can imease fatigue life and the magnitnde of oonqaeMon, the tensile stress dolribu- 

leducesuscepiarflity to corrosion-fatigue and stress ccfiD- tioos witMn a part may be ofhel or distramled in aicfa a 

sam crackug. There are coiremly several methods used in maimer as to optimize the fatigue andAir stress corrosun 

industry for inducing oominessive stress in the sui&cc of a so petformanoe of the part Unlfl now, howewei; a metbod ami 

metal part and tbe particular method selected has been apparatus have not been developed that permitted the 

dcpcirienl on factors such as the dijui e iBi o Ms and shape of reskhial stress distributiooB and the magnitude of conqires- 

dM part, iB strength and stiffoesB, the desiiediiualilycf the sua to be coolrolled in such a manner as to optimize fatigue 

flnisbed surface, the desired |4iysical properties of die fin- performanoe for a specific applied stress distribution, 

ished part, and the expense of pctfotming the operation. 55 CoaseiiaBntly. a need exists for a relatively inexpensive. 

One mettiod commonly used in industry to induce com- relalivcly time efficient method and qipaiahs bt impk- 
preasive stress in the surface of a part is shot | ?^ u i t i |t . mc nt in g the method for inqwpving tbe physical piopcities of 
whereby a phrality of metallic or ceramk peDets are pio- a part by infeicing a layer of oonqwessive stre ss in t he 
jected mecfaanically or through air presauic to imp i n g p tbe surface of the part, wfaicfa is effiedive for use with oonqdex 
surface of tbe part While sacb a method is relatively (o shaped surfaces, and wtncb permiB tbe magmtude of corn- 
inexpensive and is preferred fbc many applicatioas, diot presaion and the resktual stress distributions to be poduoed 
peening is unacceptable for paiB requiring a siqierior finisfa on a surface to achieve optiinuin fatigue peifomiance and 
or requiring a grnder depth of compressive stress penctra- strew oonosim perfionnance of the part 

^^^^^^ « SUMMARY OF TOE INVEI^mON 

reqttimig incaliiro or well defined compressive stress 65 

regions.nirtbBr,forpartssBchasaiotDrdidtforuaBinturbo The novel method of die present invention for ledocing or 

machinery, die bore surfaces of the lotoc disk are sabjecled t-Hmiiming leosile stress zones or concenHations immedi- 
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alelyK^cciitaiidpuaUdtotlBboiuidiiusof ooiiqsessive i hyef of c n u iy M giv e iBsidnri ttrets hiving » pig»lKled 

toaa iKOdueed by « subat mhm r etaria op aili ao com- magntiKfe of oompicsEknaids desired stress disdi3iu<iim. 

prisin g Ifatateps off setecting a ragioo of the put to be treated Id psiticnlar, the bo nmhifi g i|ipa r itiw cuuipiBcs s biiniisb* 

aod pcfCafniiiig so operattoo of iodociiig a Uycr of auD- iog meniber fi>r spplyiug pressmc against the sni&oe of the 

presBivestre»wiihintbesiirfaoesBclilhattbBiDagmtiideof 3 seiectedregioaof IhepaitlopndDCBszoDBofde&rmalion 

oompRSsioniscBducediDdndireclioatowanblhcboisid- having a deep layer of oompression aod a preselected 

axies of the compressive xooes. ma g nitnde within the mdaec. The tmnnshing apparatus 

In anodn pnfoicd embodiniait of invBotioo. the hmheroomprisraineaiBSw moving *ebo^ 

step of ezetting pressure agaiiBt (he sui&c of die selected m a predetomned pattern acrass the setoded region to 

region indnded peifbnning a boraidiing operatiao using a to P™""* » «»««» dislnbatioo. 

buniBfaii«appanhis having a tMimisliii«nieailicr for exert- In anodier prefened embodnnent of the uivcuUuu the 

ingpRssnre against the sufaoe of the selected region of the burnishing appaiann fot inqilcmenting the buniisfaing 

paittopradiiceanneofdefiinnatianhxvingadeqilayerof n>ediod of the sd^ect invcnlioa oonqniaes a bnimsfaing 

umifcssion. member for applying prcssaie against the surface of a part 

b .lolfae. prefened embodnnent of die invito, the " L'^.TS^f^SiStl^ rf 

pressure being exerted on the surface of the part indaoes a »d|uslnig the pttssMe bemg aiytol apngl ttg sn^ 

^ii.Jr^.^Z^^J^^^^^lL^Zli^^^^^ the part by the bnnnshmg member, and means for dneetuig 

^iSl^ST^^Jjl^^ the burnishing m-nber over the suAce of the put in a 

cu^ cold woA^ of ks than about 5.0%. predeter3p.tteni to provide die desired renidnal stress 

b another p re f ene d emhodimmt of the mventiao, the ^ dstiibution. 

to another prefened efflbodimem of die invention, the 

uueu wjiu >niimiag ui nso uiui aimu j-jiD. method of flie sulqect inveuUon B ooiqiled to a oontTol umt 

In another preferred embodiment of the invention, for antomalicatty ooatroDing the movement, pwilion. and 

whereby the step of exeitmg pressure on die suifMe of the 2s application pressure of the bomishhig member, 

part is performed by a bomishingapmion using a burnish- b another prefened embodinient of the invcntkm. the 

ing apparatus having a burnishing member 6» exerting i„n,is|^ appaiiBis tor inmkmentiag the burnishing 

pi^ure against the sut&oe of die selected region to induce metfiod of da subject invention comprises means for sup- 

a deep bycr of compieasion wiflun the surface having -1,;™ , ooostam flow of Suid to support die bumisfaiis 

WBodaled cold vmfcing of less than aboot 5jO pcicenL jo member 

In another preferred embodiment of the invention, in anodwr prefened embodhnent of die invention, die 

whereby die step of eaeiliiig pressure mi die snrboe of the burnishing appaians {or implementing the bumiddiv 

pan is performed by a bnmisfaingoperatian using a twnnsb- methodof the subject invention oonqnises magnetic means 

ing apparams having a burnishing member for exerting bf najnuining the bumisfaing mecter within the socket, 

pnasure against the anfaoe of die selected region to iatace 35 Anodier prefened eniwfiment of die invenlioo is a blade 

a deep layer of oompreasnn widnn dK anr&s having fo, use in mibo madrinety having a desned stress diatram- 

asBocuted cold woddng of less dian about 3S pereenL (ion 

b anoUier preferred embodiniem of (be invention. Another preferred embodiment of the inventiaa, a part 

whereby the selected pattern operues to vary the placing sekcted 6nm the group oonsisang of automotive parts, 

between the xoiics of defimnitian to produce the desired *• aircraft parts, marine parts, engine parts, motor parts, 

rcsidnal stiBss distribution. nuchme pans, drilling parts, constrodioo parts, pump parts, 

to another preferred embodiment of the invcntioii, the and the lils oonqniies legioiB of oampnssive residual 

step of selecUng the magnitude of com pres sion mdndes the stresses having predetermined stress distrSiutions. 

step of pragramming a control unil to automatically ai^nst Anolher preferred ealiodiincnt of the invention, a part 

the pressure being exerted agaiiHt the sntfece of tie part ^ adected fiom die giaqi rm a atn^ of tntanolive parts, 

to anodiei prefened cmbodinm of the inventica, the aircraft parts, marine parts, engine parts, motor pans, 

step of excfting pressure against die sntfece of Ibesebcled machine pans, drilling puts, oonsHuction parts, pump parts, 

r^ion inchides pwfoiuii ng a bnmisbing operation and the and die l&e treated by the method oomprising the step, or a 

step of propamming a control unit to oonuol the diicction combination of st^s, of the present invention, 

ofmowementofabnrnidiing member io produce flg desired Aptimaryobjectof tbisinveniioii,diere£DtB,islopiovide 

stress distribatian. a method and an apparatus tor implementing the method of 

In mtwMmt fr t rm^ ^iiiinniii ^ui a nf jfi/f pi»Tfit jnymtiiHi ptDvidmg a part With an iiiipcDved flmsh sixl with iinpn»ed 

tile step of varying the p i e&sui e being e x erted against Che physical piop e i t i es. 

surfecc of a part inchides the st^ of programming a cocOiol J, Anodnr primity object of dns mvcotion is to provide a 

unit to a^ust the pressure betiig exerted by a bnmishing medud snd an ap p ainhi s for inqikmenting die method of 

member against the surface of the part, and programming Che iudu i a ii g a cuuipt e aiv estresn layer on the surface of a part. 

control mut to direct the bnmislringiueiiJiei over the part m Another piimary abject of diis invention is to provide a 

a selected pattem to obtau die desired residual stress mffthod and an apparatus for inqilemeiiting the mcthpd of 

diStribminn. ^ iiwIniTiiig « . o mpi» «»i i«ii «lrw» l«y«r lh«t v.m» m m.gmtoJ>. 

in annrtiwiwfTpjwjtwwhniiiiwiii tifiy^ p^^^^f iH^tiUfTn. of oomptrjwofl auuss the part in a predetermined pattern, 

the step of varying the pressure being exerted against the Anoflier primary object of this inventian is to provide a 

surface of a part includes the step of paduaDy varying the mrftmit and an apparatus fot impkmentmg the method of 

magttitiide of compressive stress in the areas immediatdy indnciiv a c omp r essi ve stress layer haviiq a well de6iied 

ar^acem to die boundaries of die sekcted region. ts stress disltibuticn. 

The novel apparifais for implementing die method of the Another |nimaty oiqect of this invention is to provide a 

present inverAnntilixcs a bumiriiingptDociB for iixlndiig method aiil an qipartlns for inqilementing die method of 
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mihiriii g « . ^m p ra wi w amM liyer taring « pmfaenninad FlG.6i»lMhenMticviewoftnillllCTltgionbeillgtlMled 

Stress distcibiitKnL fry the mtth od tn^ yppar«tn» nf ihe mventinn fnr inAadng s 

AoodierpriniiiyatiiectoflhisiimcatiaaBtopniviici desired leadwl sbeaB diattBiiuion aid magnitude of ono- 

melfaod 6at fomiiiv ■ part b«vii« deep n nii | » T«ii i rii with a pceatiao wbcicby die deaaitjr of i1>b bnmidiiiig pattern is 

m i ii ii ii M l ypTfwmt erf mlri giwfcii^ mt mrfary. Iwn ^ i fi g S varied in the tWO dj f e Clio nB ; 

Another primaiyobiecl Of ttKmvenlkni is to provide a RO. 7 is a .d>eniatic view of another legioo being titaled 

banikhn«appaiatiislbitpenniBd»ptessnrebeiiig exerted by the mednd and apparatus <tf the uneotnobrmdiKing a 

on the soiface of a part to be varied to piDdaoe regions desired lesidsal stress distribotion and magnilnd e of 

b*vii« icsidaal sties dstribiilkaB of aibittaiy diape and copip r r. «<i m,snr< i as aronod a boH hole, whereby the pattern 

nugmtade of xompiessiaa. i» » synnnetrical pattern; 

Aaotfaerpiiniary object of thsinvcntiaoB to provide an FIG. 8 is a gr^ iDoslrating the residnal stress dhltibu- 

«nMir?ftiT havii« a bnimsfaiog mento within a sodel <><>■> mdaocd m the sni&oe of a put in die diie^ioD of 

wfaicb can be easily removed and inserted iito place within bnmisfaing (parallel) and in the transverse direction 

die sodKt ,j (perpendicular); 

Another primary abject of drismvcation is to provide a RG. 9 is a graph ilhotrating die percent ooU work 

mediod and an apparaus for implementiiv the mediod <a dislribulioo Cor die bumisfaing operation shown in FIG. 8; 

""t"""! a c onipre a Mv c stress la^ on the snrfKc of a part FIG. 10 is a diagrammatic view of the bnmisfaing appa- 

wbicfa B relatively inexpensive. ralusfiiri uip l emeat ing the method of the present invcntioii; 

Amtber primary otiject of this ioventiaa is to provide a m FIG. II is a diagtammattc view of the socket of a 

blade for me in tuibo micWnety comprising rcgHns of preferred embodiineBl <tf the bomiafaing ippaialui of the 

compressive rcsidiial streascs hx^ng predeterm i ned stress present invention showing magnetic meam for ma int ai nin g 

distrSntims. the burnishing mmbcr within the aodret; 

Another primary object of this iovcatioa is to provitk a FIG. U is a bottom diagrammatic view of the socket of 

blade for use in turbo machinery having a ooopREsivc stras 2S FIG. 11 with flie tnsnisbigg monber removed; 

layer that varies m m agnit ud e of comprorion acmas the FIG. 13 is a diagrammatic view of the socket of FIG. 11 

p*rt. allowing the magnetic field lines for maintaining the bur- 

Another primary object of this invcnlioo is lo provide a matung member within the socfat; and 

diak for oae in Bubo macbineiy compfimig regkms of FIG. 14 is a partial perspective view of a Made and a rotor 

uMipie a a ive reaidaal sliesacs hsving p rrd rl r miine d patterns ^ dak of die picEem imcntioD. 
of magnitude of u ump ic aat oo and icaadnal stress distiSm- 

tion. DEDMLED DESCRIFTION OF THE 

Anolherpiimary object of this ioventkm is to provide a PREFERRED EMBODIMENT 

part selected fiom the grmp cuuaialiug rf automotive parts, jj present invcntiao relates to a method and an tpp*- 

aiicrafi parts, marine part s, engin e parts, motor parts, ,uns tor iniplciiientii« die mcdnd of inducing a layer of 

machine parts, drilling parts, constmctkin parts, pamp parts, co mpressi ve residual stress along the surface of a part In a 

and d» like oo m ptising regions at oo mprea sive residual picfenedembaditneot of tbeinventioa, assbown in FIG. 1, 

sUeMcs h aving i»edeten nined |»llnns of ma g ni ti iriB of the mediad of dw present invention comprises die steps of 

compression and residual stress distrSmioiB. ^ selectii^ a r^no of the part to be treated; selectiiv the 

These and other objects and advantages of the inventioo magnittide of compression and the residaal stress distribu- 

win be apparent bom the Mlawing de s ui pli on. the accom- tion lo be induced akmg the smftce of the selected tegita, 

partying drawings and the iqipended daims. such as tor e iaiu pl e by finite etement analysis; aiKliixliaing 

a layer of oomprcssive residual stress skiing the iwrft f* of 

BRIEF DESCRIPnON OF THE DRAWINGS 45 the sekcted regno havmg dn desired mi«nrlude of com- 

FIG. 1 is a schematic bkick diagram iOustrating the and sta» distrawtkm. 

mediod of die preaeu nnrcolioa; " *^ P*"" tamag a surface diat has 

PIG. 2 is. graph iOustratiug die predicted kngitudinal '~2S?*^L"'2^?*^^S^1I!*"'^^'°J^ 

...irf..! I— *3Ln™. ^Mt^^^^^^^^^^^^t machmeiy dut has been treated by die process of shot 

3 S^'*?™'^^ so peening, die coU worked ooiimiBaiivesnilice material will 

apartb*viinbBeotreatedbydiemethodofshotpeenii«and i^raiu^ u» «»u wu.««m w»u|«»^ 

.tT.. h.JIZi lu^.L i.ui.i.jii- ii- iL^ii— i. ri_r7Ti7. typically not yrkl m tension, such as during high speed 

a part havmg been treated by the method of bnrmstang; .Je^Son, wh* die tower yieU strengUi iMniormu^ 

FIQ.3isagnpbiBustratuigdiepctocntofooUwoikand will yieU. On untoadiis of the part, soch as wten die speed 

yieUstr^distribtttno of a part having been treated by of revohdkm of die rotor disk die smftce of die part 

dtemednlofdiotpeemngandaparthxvingbeenlieatedby „ i» driven ii*> tension and wffl remain in tenskm, rediuais 

die mediod of bumishmg; ^ btigne li«e, dunnghonl die parts remaining Ufo. Refsr- 

FIG. 4 is a se h r m a l ic view of a generally lectaiigiilar ringloFIG.2,diciiiversiooiiitotBiBiaoof asnrfaoeofapart 

region being tieaied by die method and apparatus of the havii^ been treated by the method of shot pecoing is shown 

invention fOT induciiig a desired residual stress distribution oooqiaied to a surface of a part having bMn treated by the 

and m ag m'ti i rtri of con^esaon whereby the pressure beiiig method of boimshio^ each having a Zl% plastk: stnin 

exerted (force normal to die snr6ce) agxinsi die snrfsoe is single cyde. Referrii^ to PIG. 3, die am et p uadi ng percent 

varied in two directiois; of coU woik and yield strength JisUiMUk in are shown. As 

FIG. 5 is a schematic view of another region being treated fltuatraied, upon iinit»«^ng, die part that underwent the 

bydtemetbodandappsrstusoftbeinventiaaforiiidnciiiga medwdof shot pecning may actually invert from compres- 

desired lesidnal stress distribntioo and. »»gmti»fa of com- ss sun into a relative Ugh level of leosioii, if a yiekl strength 

preasaon whereby die density of the bumUiing pattern is gradieiit exists, dneby significantly reducing die fotigiielifo 

varied in the one direction; ofthepatt 
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Aoscrdingjy, il has been Cnuid thil (be pief i en ed metfaod tpparent to IfaoM skilled in (be nt that the pattern of 

of tbe (ncaciit invcidjaa En impnmig Ibc sai&oe fioiata, b mnnhi iig and Ifae fann and rate nf icdaclion or increaae in 

Eatigae life, and stress oof fo sk m resistKice of a pait is p t ca s me boii^ exerted against ihe smfaoe can be oondolled 

bumisfaii^, wfaetebjr a loiaiy or sliding member is pesied tsjnmdeawidbvanetjrafFesUualstieEsdistiteilianBand 

agtinsl the siufice of die paxt in order to oompress ibe j ma^utnde trf iiiii n iT VH nn 

micio«ap icpeatoinlhe smtojn toai»oenthiillo»^ Refening to HG. S. another illiHtiatioo of Ihe method of 

ompn^Ddevd^mi^raTOn^ Ihe preaeol ipveolion is shown whereby variations in 

byyieMmgdieautioenHenBionaoaialitrenimstoastale resito,irtra»disli*iili«nniay»lsobeachiewdby varyii« 

of ''^^■f^;^,]^^'^*'^ defan nalMn. A s AowninOi. ^ of bamishii^, independ en tly or in coqnnctioo 

Pat Wo. 5^435. fay the same ^-^^ and inowporaled ,o with vatiatioiB in bomishing pttasare. As shown, the spac- 

'^^J^^^T^^L^J!!^^'^'^^ iiW«l«»glteX^lirection.pe.pendicnlartothedin«i<«ot 

f^£f!^'ri^I^^^l^ "5 lrw«lrflhebutiiiahingmembei;hasbeenvaiiedtoinciease 

Uyer re tentmo of conyrMBve lesAal anas at devaled ,nddeen»e die spacing between each pass of die bnniish- 

munmacslhealtmumof IteR^^ „ burnishing (qncing density). As shown, the spacing 

tenate or omqiinBWi overload dian ooa»ai^ ooM betw«oeadi pass of Ibe burnishing member varies Knearty. 

wo^^nidaiiboebidemngpiDcra^ however, it shooU now be apparei* to those drilled in flie art 

meftod of lie piesnit mvenam i s stow n m "0. 1 ««« dial oUierbomiahaig patterns may be sefcxted to produce the 

pie toably ufflTO Ih e proc ess of bnnndnng to p roi^ jt^^te^otlsata^itDbalkia. 

compression widi a mmiimi amount of cold wmkiiui and ... . 

s<>ib«haideniag.faparticnla>;theiegiootobebD^^ J?!?^? "^"^ l^T^ 

along the surtoof the part bfiistde^««i a burmsUng sho«™ whereby Ite denMy of buiinrf^ 

npuWi having a sind»4^ two duneosiooB (X and Y dmctons) as » fiim^ of the 

berbpi«9«lagaiotd»snr&ceofdieparttoa^ai<ne "^^l^f 

of deformation prodndiv a relatively deep layer of com- jj sheas dislrtouion for the part bcmg bnniBhed. 

picasim within Ihe surface. The buitmhing mcidbcr is then Referring to FIO. 7, anodier pattern of bamisbing is 

passed in a predetermiiwd pattern across the region. shownwfaereby a region is de s ig n a t ed and the ma g nimd e of 

Pre&rably.tlvpatlBraafboniidiingissBcfatfaatdiezoacsof oomprcasiaa and die residual stress distribution is selected 

defixmatian formed by each pas of the bmiisfair« member ^ optimizes flic htigue peiformance of die pan. As 

do DDI ovBil^. As disclosed in U& PaL No. S;g2M3S, jo ■'■''<*°- ^ residual stress dislribulioa has a sy mm etrical 

applyii^ a single-pass, or multipk passes baviiq a reduced pattern such as what would be preferred for nae around b<dt 

compressive pressure, produoes oomprcasive residual boles or for '^athmngT in a stale of compressive stress in 

stresses foOowii^temiledefonnatiaa of the surface having Ihe fillet area of a rotor disk, ft shoold now be annren to 

deep oonqrasion with m in i i m l cold woricii^ those billed in Ihe art that the ba mishiii g piessBic, the 

In another prefeocd embodiment of the invcntiDn, the 35 <'e™*y of bumialiiBg, and the pattem of bur nMm g can be 

method furter couit n ia e s die steps of deteimimng the varied to proiioe the desired lesiihial stress disliimlioii and 

optimnm magnitude of compressioa to be indnced at par- magnitude of oonrreasion for a part for a specific eiigineer- 

ticnlar points along the surfaoe of the sdected cegiai by appUcatioa 

nmti^iHng (he pressure being exerted by the h nmi«l»i^ In aiMitimi, it is know that intratuciiig a region of high 

annbcr. In anodier pnfettedembabiMit of the ioveotiaD, « o om pr e ssiv e tesidnal stress requires leoaile stresses to ensi 

tbe metbiid « iii i n«i «> « die steps of vaiying the pattern of ebewiiete in Uie part to achieve equilibiiuiii. Unfonmately. 

bannafaiiig to psodaoe a desired cesidiisl stress distrjiatian. abaipsutfwednnaicafioo or disandiimties typically exists 

In snother p re ft rtu i embodimeU of the ■iveutiuu , the along the boundaries of the Uuiiiiahetl area and, dqxoding 

method fistber c ompi i aes the steps of ptogrammiitg a con- upon the geometry and ainas Sled, tensile reridual atica 

trol unit, such as a """p"*" or ■°fnirn*'*l cxmUoUer, to 45 znoes or ooncenttatjons often form along such bouodiries. 

automatically r^ulate die burnishing force being andied to Such stress zones can significantly reduce the fetigue life of 

die bamialiuig member thereby controlling Ihe pressure the part It has been found Uut paduaQy reducing the 

beiiig caotcd against die sDifaoc of the part and the ooriB- prcasuiefaeiogcnttBd by the boni^ing member to rednoe 

•ptnMn^ iMgniimlr of oon^reaBiin being inilnced by the Ihe ""gf*'^ of c ompwaai on in the directimi tewaids the 

l niiiJiiiH) apparans. Ihe cootml trail may abo be pro- 50 bonndaiies ("fcatheiing^ win reduce the build up of such 

grammed to control die direction of i n oveiueul of the tearilc resiibul stress. Fnttfaet, it has been found that by 

i mmiJiing apparatus to produce the desired residual stress coottolling the omnprassive residual stress distrfbotioo and 

diftlribution. the magnitude of compreasioii, the tensile stress distribo- 

HiB p^F^in'Nr pteaun. and the pattern of t^mid^ ^ i ^ fyt tioos within a part may be oSmI or drttribvled in such a 

a part may be aehded wbcnby the magnitadB of oompns- 55 manner as to optimiic the fattgue andAir straaa uniuaioo 

sioo and Ifae residnalstraBdistiibiilioaoptiniins the bdig^e petfcnnanoe of die part 

pa fi i iiiiau ueofdiepartRirilhBlralion,asshowninFI0.4, Ibe method foa inducing a layer of compressive rrs i dwai 

a rectangular bnniidiing region is sekoad and the bomiab- stress akmg the sarfooe of a part and the apparatua for 

ing meobcr is piesaed against die smfooe of die part in a in^lementing the method provides control of the particular 

p artinila r (laater) pattern, as shown by Ibe snow ind ic alin g CO stress dimaiuliuu and magnimdr of cuuiprLSs ion that opd- 

diB pMh of die bwniafaiqg meniier. Tbc nonnal force (Fx) mizestbefatiguepeifonnanoeofUiepaitByooalioDingdie 

beir^qiplied to the bumisfaing member is varied to increase pattern of bmishing. such as the density of bumishintaixl 

or deoease the pressure being exerted against the sat6ce of Br«*""y ■Jitnrin g fhr. migmtiuV nt r.uinmj«inn vr^r 

theparLWhikHG.4showsalinearvaiiat>oiiindiBnoaiial the boundaries of the regions being burnished 

faree and the conei p onding presanre being applied against a ("featfaering^ the lenale stress moes which occur imme- 

tbe surface, parallel (X-direetion) and perpendicular dialely adjsocnl and paralkl to die bouixlaiies of Uie regions 

(Y-diredian) to Ibe direction of bomidiii^ it sfaoold now be being Heated may be reduced or efaminated. 
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b MOlfaei ra e fen ed e u i U xl iu ienl of the invcatimi, the (not gfaowm) fior con o wtin g lo « poeitim d wpli cr nw nl pomp 

n^Om^ nf inAii-^im . I.yfr of nr i ii nu i ju lig m«i«*l«l aim Ui fof pi UV Miim 1 OOlgm* VohmiCtlic floW Of fluill fiom 

■long die aufacc of ■ put indnde* tbB tfqi of nang • t fluid supply 122 la the seat 113. Tbe Said supply U> may 

■ccondaiy pnoesB, socb as siM fBcning. grit blasting, be aDcztenialsapply(Dol diown)ar may be inibe fonntrf 

tumbBug or other airailir abnsive impact p tooB S B es to 5 a sump 124^ as sfaowo, theteby fimnng a domMoop fluid 

indyoe a shiDow layer of c o mpreaM ro i«^daal stress near system. Hie postive displaceinait pomp 120 is preferably 

the sar&ce of the pan Mtowing buiuislii ng. A» shown in oaiipledtt>adiieGIGiiiRat(DC)clei±dcmotoTl26anda{aM 

FIGS. 8 and 9, bomisbing of a smboe inbetenlly pndnoes acting motor qieed ocntiDl 12& The motor speed oontnl 

a Hetlzian loading of the sntboe lesnlting in maximam 128 <anctiaiBk> maintain a ooostantangnlar velocity of the 

oampression beoetlh the suitace of tbe inA piece. The ,g motor 12< to sustain the comtaiUvnhinirtrir fluid flow to the 

reaabalstieas at the surface can be near Bn or evaUcnsOe, socket lt2 Rgndkss of any danges in Said presamc. A 

andisafimctionoflhediiectiGorflhebnfiiishingopaitmi. pressme sensor 130, ndi as a pfcssnre transducer, is con- 

Tbe surface lesidBal stress is typaeaBy leas oo mpi e sa ow in oeded to the flsid passage 118 for moialoring fluid pieasuie 

the direction of tinniishing (parallel) than in the tniBmae and is coupled to a oonttol unit 132, such as a cmipinftr or 

direction ( p cipiHiil i nilar ) doe to the cffBdrf dii|il ai T i u e u l of ,j a numerical controlfer, wfaicfa is abo "»t'"< to either a 

material hterally dating passage of (he bnmisbiog member. positian regulator 134, such as a spring, or a presanre 

The presence of lower uu Ba p te ni on at the surface baa been regulator 13<,sodi as a hydraulic or pneumatic system, that 

bund to allow the initiatinn of fatigue ctacks at tbe surface operate widi the bunnafaing member IOC to provide the 

of the part Allboagh these cracts are arrested as tbey proper bnnrishingprcsEare being exerted agaiiat the snrfacc 

propagate deeper into the monfa^ycanpreasive material, jg 108 of the part 110. 

the pteacope of aurfacecaadEsaial tbe streas inl e n Bii y factor understand bow the elements of this invention 

asodated with tbem is highly undeaitabte. It has been fimnd described ate intenelaled, the cperatnu of the bamishim 

that the method of this invcntian oomprising the steps of afparalas 100 will ikiw be iV«mt»»l During toleration, 

bf iiiuft f aii g a part m cuuibiualion with the seconda r y proocsa fliiid, sodi as a lubricating fln^ is fad tmder ptessoie ftom 

i den t ified herein above provides surface compieaaion as well js fiie fluid supply 122 by ise of die positive di^laoemenl 

as deep oo mpi e ssi oo icsnlting in a part having siqienin' poiiy 120 thfoogh die fluid passage 118 and into the iimer 

naistance to surface crack initiatiDa and ptopagation. lo chamber 114. The fluid in die inm cfaandn 114 is dien fed 

another enriiodiiiient of the iuveutiuu, the method of the under pjcasiire around tbe bumisfaiitg meutbci 106 thioa^ 

ICTesentinventiDO c omprises the step, in oonj nnrlifl n with the dearanoe tit to force the burnishing meniber 106 out* 

first slq) of butniBhing. <tf remoyiog a layer of low com- 3, waidly. The tabneatiag fluid flows aranni die outer surface 

pieasian by electiopolishing. etching cc other similar means of dw burnishing member lOS to permit die bomisfaiqg 

that will not induce a sute of stress or dnougfa m w ham 'ra l member 106 lo Boat contiinioiisly upon a dun film of fluid, 

means, such as low stress grindinfc polishing, to m b tin g, or The socket 102 is dien advanced towatdk the sorfaoe 108 of 

odier audi means, which win indooe a state of ahaOcw the part 110 by operation of the support and die machine tool 

compressive stress. 3, fixture (not shown) imtii the finwatd most ponion at the 

Retening lo FIG. 10. a prcfancd embodiment of die bamishing numbe r 106 mates cotMdwifli die surface 108. 

himfalring ap p ara t BS MO tor ■'"■[''""-■■'"g the bumiafaing By fiirtber aiQosling the speed cf die motor, a desired 

nBtbad of d» sabjed invemioa is shown usi ipi i a ing a amount of liibtii:atiDn fluid will flow around die baraiahing 

generally cylindrical socket 102 wfaicb oonventiooany member 106 and be ttanafaired onto die surface 106 of die 

mounts to a support 104 of any panicalar descriptitai 40 part 110 to p ro vi d e tbe df i riird labricatiDo and ooolittg fiir 

typically used for supporting burnishing tools which is the bumisbiiig operatioo. During bumidiiug, the further 

altartldIO a COnronionalmadline tool fixture (lait shown). mtl pnrtinn nf lh> h armJiing mr j ntlr j tot awttit thr. 

In a | aa6ji « d f jiila al i m ent of the invedioii, the support 104 surface 108 of the part IMctBSing die homishing member 

is coupled ID the sockEt MS snd provides mesns for inqiait- 106 In move inwardly nto tbe socket 182 thereby redndng 

igg a normal finee F to a bemishing member lOf to e&ed 45 die deanmoe 116 between dB bunuslmv member 106 and 

die proper buroisfaing pleasure suffideot to deform the the socket 102 thereby increasing the picssnre of the fluid in 

surface 108 of the pan 110. die fluid pasage tU. The inacase m fluid preanre is 

Tbe sodBt 102 includes a seat 112 adapted lo the sufaoe detededl^diepreasmBacosorUOwbicfaiscaqdedlDdiB 

ofthebnmishingmeatelOf wtnchtsdiqiaaedwidun die oootrol unit 132 dm fiinrtinas to adjust the force F being 

seat 112, atal an inner chamber 114. The size of tbe seal 112 50 apidied to the burnishing member 106 to maintain a constam 

is deteimined by the size and diape of the i ui M »i «i »ng or oontfoUed variable favnishing pieasuie a pi^it the sur- 

member 106 and is selected to pipviile a small ctearanoe 116 face NB. it abonU now be apparent to tbase skilled in tbe 

between the seat 112 and dw bam ia hi ng ui e iri i a 106. As an that tbe constant flow batnishmg a ppara t us 100 of the 

shown, the M i p p m t 104^ in coop eiatioo with the i"'t* present iuveutioii, unlikB conventional conatant pressure 

tool fixture, is adapted fin cmnroUing the movement of die 5s b utnial i ii ig appatitns that Sdknr the surfiwe topography of 

sockd 102 and inchides means for findng the sodBct 1(3 ds part. aidDinaticalIyiiiCR«Bes die fine Fbea^qqilied to 

and die bamishing member 106 against die smface 108 of die bamishing member 106, and die co r ieap o ndi ng pressure 

die pan 110 being burnished. WidnU departing bom die being exerted sgainst die surface IflflL on ta^ pdms and 

nvedacM^ it ahouM now be apparent lo dnse skiUed in dc decreases cnkiwpomtsakmg the surface 108. Aooontingly. 

an that various qiparatns may be ooastracled to allow the co die pressure or the umy tc asiv e force exerted 00 die surface 

socket to be moved to various p iwiti i aw or to allow die part 108 of the part 110 by die burnishing member 106 can be 

being treated to rotate or pass in oontad with the banrisbing predaely regulated to provide optimum surface finiah and 

mendicr in such a way diu the sdedcd icgioo is burmsbed unifium bnmisfaing of tbe part 

using the m et ho d of tbe (nesent invcntico. In a preferred emixxfimeut of the invention, tbe proper 

Hie socket US is findier piuvid e d wifli a fluid paaugp a preasare or oompieastm force lo be ^iplkd to Hie sarfaoe 

118 in flow oomnmnieatioo with Q» seal 112 and exteniB 108 of die part 110 during die bamishing operatioa is 

fiom the seat 112 diroBgb the imier chamber 114 to a fitting pnivided by asing the posliai regulator 134 whereby dB 
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Era F bdog ipjilkd to Ifae bonrahiiv member IM is a Referring to nCS. U. U ukI Uw the btmntlmg member 

{andkm ofmc posiiian of Ibe aocfcet UZ. As diown, the 19t may be aekctcd from varisas mat e ri a b having a higber 

position legnlator 134 iiKbdes a ^rii«meaiB 141, radi as yfcM aliengai than the part MO being borimhed and having 

a cml spring, deflection membets, or Bellevilk waafaeis. a idoivcly high clastic modnles^to altow mudmal defi>r- 

having a known firing ct iar acteitatic, wfaicfa compreases or 5 m»iinn of the part 110. fai a prefiened f jii l a wli i i iejt of the 

expands aaially to qipty a givca normal fiMce F to tlie invention, tfaebnrmahingmendierlOtnfioamed from a bi^ 

bumisfaing member IM. Because tbe bmnishing member carbon saeel or a uuteitJ tun g tfen caibade oontainjng a 

IM is cm^lcd tivongb tbe qiring means 14>, the fbme F poctiao of a cabab binder. Tbe inner dumber 114 of the 

bang applied to tbe biimi(bii« member 186 and tbe leaoll- socta M2 is daown having a magnetic means 144k sudi as 

ing pRssore being exerted oo the smfaoelW of tbe pan 110 jg spcnnanci«ma0Kl«randedricniaBietorlfaelike,wfaidi 

can be aocuately oontrDOed by positioning (moving) tbe pnxtaHe mtgnrtir Snx 145 (FIG. 13) that fimdians to 

mni*n tta Hpn g th. nmm > r .M tKt<tt ><••<" 1^ «W«iir> (iw ni«in>««i Ihr. Ii«nii «l » n [ memher lOt wflhing the seat UZ It 

shown). Hk contiDl nnit 132 operates with a bed back has been bond that Gaming the soi±c( 1<B bom a ferro- 

signal from the ptctaore aensor 13t to adnevc closed loop magnetic aBoy, sncb as s uu r t e u ai tic s ta inl e ss steel AISI 

coatiDloftbefi»ceFand(heoorre900dmgpresBnrebeing „ 4400, the socket 102 ftmctiafB as a pole piece Itaeidjy 

exerted on the siu&ce by tbe bumishii^ in^nnh^r iw. imeasiog the holding poira d tbe magnet means 144. 

FkeeeraUy tbe macfans tool fixlnresnpponii« the socket Becanse the bearing eaember lOt is snj^poiled by a tow 

102isa*thiee-aii^iiiadiiiiediatpR>vilesftitt&armol>an vohnne of Snid having a constam flow rale, the beating 

alm^mntnanyortbopioat axis of a flmdooonlinale system. menriier IOC vrill be telained withm Ibe socket 102 even 

It EfaaaU now be apparent to Ibmeikilled in tbe art thai jo the fluid is flowing and the aodB« ^(Bb bang 

by naiiQ a ptDgnmmaUe control miit 132 wUcb B oonfig- tepoaitiioedormovedoatofoomactwilhlbesorfaceMBof 

nred to oooiinQaiialy tradt tbe f^tirn of the bumislBiig ^ P*** 

membcr lOi, Ob sodBBt 102 can be aocnralely positiooed Referring to FIO. 14, a blade of tbe pnaeM invention is 

tai moved in a selected pattern. Ftetber, m oonrtrinarinn shown, fix use in bubo madiinety. The bbde 14< adndet 

with paasii^ the bntnishiiig mendier is a sebcted pattern j] a generally wrtangnlar ptatftiim 148; an elnigsled airfoil 

aans* die amface of tbe pan. the pnasure being exerted 141 having a leading edge 150 and a bailing et^ U2, the 

may be varied to obtam a region having airfoil 14* being rifpdly attached to and extending radially 

tbe desired residnal atres distrimion aixl of outwardly from tbe pUtfoam 148; and a not IM rigidly 

comimsBioa ooonected to and extending radially inwardly firom the 

hi another preferred embotoen t rf ttie invention, die » pUtfbrm I4« bavmg a dovetafl portion MS ft* monaing to 

proper pnasoie or compressive finve to be afplkd to the a rotor disk 1S& As used herein, tbe term "outwardly" refers 

aurfaoB 108 of dwpartUO during the bunmbiiigi^ieratioD to the direction away from the oenlg of rotalioo of the blade 

B provided by use of tbe ptmnetcgnlator 136. As dnwn and rotor disk and U» term "inwardly" refers to the diredioo 

inFIG.10,lbepr6aniretB8nlatarJ3Cconi|naesa8oarc6of towards tbe center of rotation of tbe blade and rotor disk, 

picanrixed fluid 141 fin providing pneumatic or hydraulic 35 Hb rolw di* 136 indudes a plurality of atcnmfere^alh' 

pieasuK agaitBt a piston 142, diaphnpn or oflier similar spaced axiaOy diqnsed alols 158 tbcrem. Ibe blade 146 is 

means. Tbe piston 142 is collided to dBbnmidui^ member attached to the rotor disk 1S6 by haertinc the not 154 into 

106 in such a manner that movement of the piston 142 * >k>t U8. As shown. dB root 154 and Ibe atot 158 have 

cqioates to inoease or decrease tbe force F being applied to ccmpkmenling surfeces for securing the blade 146 to Ibe 

tbe bomisbit^ member 106 ttierebytncteaaii« or decreasing 40 iDtor disk 156. During operation, the rotor disk 156 and the 

Ibe ootrespoodingpicaorB bang exerted by the bumBlmg attadsd blades 146 are subjected m high oenlrifiigal loads 

memberl06ontlBsnrfacBia8ofdBpanUO.Inaperalxin. that produce high dynamic alreases that may cause high 

for constant pleasure bnmishing, the machine tool fixture cycle fetigue akng portions of the rotor didt 156 and each 

moves Ae aockst 102 in a predetermined pattern akng Ok *>i»^ Further, dB leading edge 150 of dB Made 146 is 

sar&oel08afliBpartllO.TlBainttDlunitl32CuKlions 4S oftai subjected to damage by dB impad of foreign objeds 

with a feed back signal from Ibe pressure sensor 130 to "> fluid stream. 

achieve dead loop control of ttB fiHce F and the cone- In a preferred embodiinent of the inventkn, the bbde 146 
sponding pKOure faciif emted on tbe aui£K6 IW by dB is treated by the method ooniprising a step or a oombinaiion 
buinWni«nBndicrl06.It8honUnowbeappatemtotfaose of steps diwin sfrt herein. In another p e e ft mtd eiu h od im e a t 
dolled in tbe an that by using the control unit 132, Ibe so of the invenliDn. the rotor didi 156 is tieaMd by dB method 
bomnhiiv member 106 can be accurately moved in a u o mpiisiug aatq) or a oombmation of steps disdosed herein, 
selected pattern while exerting a ptedelenniiBd pressure AnodBr preferred cmbodimem of the inventioii, a pan is 
agaiiBt the surface IH of d» part UO to obtain a region selected frmn die group oonyi i sing automotive parts, air- 
having dB desired residttal stress dialribniioo and magnitnde cnflpaita^ marine paitt,engiiB pans, motor parts, madiioe 
of oomprcasini. s5 parm drilhng parts, oonstnidian parts, pump parts, aid the 
Conventional constant presmre bunriabing qipantns like treated by the metfaod compiisittg Ibe step, or a oom- 
lequiie a contaimnoit iiff t i n, such ss cod dps* for main- btnatkm of stqia^ at the present urrenooo. 
taimog the bomisfaiQg member withing the apparatus. The The method and ap p aiitus for implementing the method 
containment means must be capable of w&fastanding high of the sabjed invenlioo utilizes a bunridiing mednd that 
jwgfnrw. »^ frmr^ itiyhiHwi g thn tixw-. mAtm itw iwimii A if^ 60 pToduoes cidd wolk aivl suifeoe wnk hardening fer Icas thsu 
member is not in oontad with the sui&oe of the part In the eillBr oonvealianal dnt peemuft gravky pcening, and con- 
event that dB ^ ,iiii>tii,ii»ni meaiB f**i*^ the IsiiiiiHhnig ventmial Ifji 'liflfffg or deep rolling methods. The mcreaae 
member oould he propelkdfomi the bnmidiing apparatus at in residual c u ui pf e tsi ve stress w^ minimal cold work 
high vehicily. In oontiast, Cb flow bumishmg devekiped by the siojeei invemion penetrates to a greater 
apparahn of Ob aubjed invcntkm diminales dB need of a 6S dqiflidian most conventional melfaDdb,sadi as dntpeeinng 
^^^^^ f*mnw}1 means diat is capdile irf withstanding faigb aid results m longer retention of compressive residual aaess 
pressure. at ekvatsd t tiupeiaUue . less r^kl lelaialiim under cychc 


us 6,62W70 Bl 
13 14 
loading, and minhmmi ihe tbentioo of tbe icnhul (tress 4. The mctbod of daim 1 wherein said pressira bdng 
field daring tcaalc or compressive oseibad, than ooovco- esnted oa the surface of tbe part isduocs a deep layer of 
tiooal cold working and sti ff ace haidening iMw c ftJwm ocmpreaBioo within the sui&oe having as a o ci at rd cold 
yWntnfingljr. Ibe method and appantcs ba i uipkuieati ng miking of less than dwul SJO percent 
the method of tbe snbied inventi oo pp» »id« a teUtlTtly s xhe method of daim 1 wherein said pessnre beiqg 
meipeosiveandefcetiveineansofptondingaooinpressioo eierted on die snrfB* of the part indnces a deep layer of 
toreeonaw«|2i«lo™h«oom^«M^^ eoomressioD within (be sniboe having assodated coU 

in a well deftnod loeatoed region of a anqile or complei , , , c „. 

pMsoifraanflgnntion with a mimmom of ooU waking wodnng of fcw flian abort 33 percent 
nxlsaifacchaidenmg.Byaiinimizii«tbeanwamofoDld 10 «■ Tbe method of daim 1 farther wherein the step of 
woddng and soffaoe haideniD& the method of the snl^ selecting die magnitude of eonqnessionindudBS the slqi of 
invention prodnceslaiger retention of wuipitM ivetesidnal piagiimimi« > ootfrol mul to a nt oma t ically cednoe the 
stress at cfevaled Icuip e iatu ie, ksa cclaxatiott tmder cyclic oiagnitnde of oompresBion in the direction towards tbe 
lotding, and miirimiwH the alteration of the residnal stress boondaiies of tbe selected regiaa. 
SeU dming tensile or compreasve twedoad. Fmther, Ihe is 7 1^ mednd of claim 1 wherein the step of enrtiiig 
method and the appantns cf die invediaa for indodng a maim raainst the surface of die aekscted region inchides 
layer ofcomi««rivetoBdnalrti«» along the «ep of programming a oootiol unit to control the 

partpermtsavarutyoftonB^ «»taLn of sS7r«»«. 

to pmdDoe regions of residual stress that are appropnale for ^^T^ j , _. • 

.4^e^^wW<l>Nicatiaa.Inadditi0D.ap2»lre.u^ 20 8.Theme«bodofdamlwhe«.mU»partoMlecWlf™D 
ttaii« the mednd of die invendoo have improved stress «» g«»V consisting of atttnmottve parts, aucna parts, 
cormaion craddng resistance. maiiiK parts, engine parts, motor parts, nudune parts. 

Whik tbe methDd and appantns desciibod oonstilute drilling parts, conalmction parts, and pump parts, 
prefared embodiments of the invBOtun, it b to be under- 9. A mediod of ledudgg high tensOe stR»s mnes in (be 
stood that die invvotioa is mtlimiled to the precise medxid ^ surfiae of a part umipri si ng die steps of: 
and appanhis, and diat change may be made Uicrein sekclii« a legian of dK part to be treated; and 

widnit departing bom the scope of die invention which is . _:._». 

defined bti^lwendedcb^ progremnnng a contnd una of a bumshing VP«««»» to 

What is claimed is: perfttim a bumndiing operation, die b urnishin g opera- 

l.AmeUiodofredudi«j«ioesofh«hlciisifc6liBssintbe » '»>''8 peffonned sufa iha( the densi^ of 

smfiux of a part comprising Ok steps oC burnishing, Uie magnitude of compreasiDn. and ttie 

selecting, region of die part to be treated; and pre«ne being afflirf.gam.tU»Brf«e are vmed^ to 

■ ^T, i_ ^ .... reduce die high tensile stress zones along die bouod- 

enrting a vandik pressure againa die suffice of die . ,rt_TrL-_, 

aBlectedinion.d>spRSsarebdngappliedsudithatdie „ "* ""^J?^ ■. v ■ ..■ 
^rZ^_^^7tU.J^«;». ^^^Z. .-n th, " meOiod of clami 9 wherem said hnmishuig 
magnuude 01 cuuiuicmon oecrcases in me unection . . . . , 

lov^ die houZies of die seleded region to mini- * ^Jl^ ''L^^T^ T^^J^. 

mizB die effects of any teiBile SIRES zones near die snrtree havmg Msocated cold wotbng of lt» dun abort 

boDiidaiies. ^-^ pen^nt 
X The mediod of daim 1 wherein die presson being ^ U The mcdiod of claim 9 wherein add buraishi^ 

exerted agaiiwt the nrface of tbe part is p er fiwrned by a operabon indwxs a deep layer of conqnesaian withm die 

bunnsliiiv operalua. snrfioe having associated cold working of len diaa abort 

3. The mediod of daim 2 wherein die bumisbing opera- 35 peront 
tmn inchides varyii^ die bunridung density aloqg tbe 

boundaries of the selected tegioit • • * • • 
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AMENDMENTS TO THE CLAIMS 

Tn the giaims; 

1 . (Amended) A method of reducing zones of high tensile stress in the sxirface of 
a part comprising the steps of: 

selecting a region of the part to be treated; and 

exerting a controlled v ariable pressure against the surface of the selected 
region, the pressure being applied such that the magnitude of compression 
decreases in the direction towards the boundaries of the selected region in a 
controlled manner to minimize the effects of any tensile stress zones near the 
boundaries. 

2. (Orighial) The method of claim 1 wherein the pressure being exerted against 
the surface of the part is performed by a bimiishing operation. 

3. (Amended) The method of claim 2 wherein the burnishing operation includes 
varying the burnishing density to modify the magnitude of compression along 
the boundaries of-the selected region. 

4. (Original) The method of claim 1 wherein said pressure being exerted on the 
surface of the part induces a deep layer of compression within the surface 
having associated cold working of less than about 5.0 percent. 
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5. (Original) The method of claim 1 wherein said pressure being exerted on the 
surface of the part induces a deep layer of compression within the surface 
having associated cold workuig of less than about 3.5 percent. 

6. (Amended) The method of claim I [further] wherein the step of selecting the 
magnitude of compression includes the step of programming a control unit to 
automatically reduce the magnitude of compression in the direction towards 
the boundaries of the selected region in a controlled manner . 

7. (Amended) The method of claim 1 wherein the step of exerting controlled 
variable p ressure against the surface of the selected region includes the step of 
programming a control unit to control the application of said controlled 
variable p ressure. 


8. (Original) The method of claim 1 wherein the part is selected from the group 
consisting of automotive parts, aircraft parts, marine parts, engine parts, motor 
parts, machine parts, drilling parts, construction parts, and pump parts. 

9. (Amended) A method of reducing high tensile stress zones in the surface of a 
part comprising the steps of: 

selecting a region of the part to be treated; and 

programming a control unit of a burnishing apparatus to perform a burnishing 
operation, the burnishing operation being performed such diat the density of 
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burnishing, the magnitude of compression, and the pressure being applied 
against the surface are varied in a controlled manner to reduce the high tensile 
stress zones along the boundaries of the selected region. 


1 0. (Original) The method of claim 9 wherein said burnishing operation induces, a 
deep layer of compression within the surface having associated cold working 
of less than about S.O percent. 


1 1 . (Original) The method of claim 9 wherein said burnishing operation induces a 
deep layer of compression within the surface having associated cold working 
of less than about 3.5 percent 
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INTERVIEW SUMMARY UNDER 37 CFR 1.560(b) 


Application No.: 


90/007,383 


Patent No.: 


6,622.570 


Examiner: 


Minh Nguyen 


Art Unit: 


3992 


Connrmation No.: 2869 

All Participants: 

Minh Nguyen, Examiner 

Mark F. Smith (32,437), Attorney of Record 

Brian A. Tent, (57,446), Attomey for Patent Owner 

Paul S. Prevey, Inventor 
Date of Interview: September 7, 2006 
Type of Interview: Telephonic 
Exhibits: No exhibits were shown 

Rejections Discussed: 

Claims 1-2 and 6-8, rejected under 35 U.S.C. 102(b) as being anticipated by the article 
"Application Description NR. AO-4088/1E, Deep Rolling", allegedly published on 
March 19, 1996 (heremafter referred to as article AO-4088/1E). 

Claims Discussed: 

Claim 1 and the reasons for patentability/confirmation of Claims 3 and 9 - 1 1 . 
Prior Art Documents Discussed: 

Article "Application Description NR. AO-4088/1E, Deep Rolling", allegedly published 
on March 19, 1996, 
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Substance of Interview: 

The Interview was directed to three issues. The general nature of what was discussed is 
as follows: 

1) Patentee has been unable to substantiate that article AO-4088/1E was actually 
publicly accessible on the publication date alleged by the third party requester. The 
Patentee requested guidance from the Examiner concerning the procedure for requesting 
verification that the reference was indeed published and available to the public on the 
date alleged by the third party requester. The Examiner was not familiar with the 
procedure and agreed to work with the Patentee to determine the proper procedure for 
requesting verification. 

2) Claim 1 was discussed with respect to the terms "controlled variable 
pressure" and "controlled manner" as used in the Claim. Patentee proposed amending the 
claim to include the phrase "precisely and constantly regxUated" with reference to the 
applied pressure. The Patent Examiner agreed, in substance, with the Patentee's 
arguments that continuous regulation and adjustment of the applied pressure distinguishes 
over the cited art. However, the patent Examiner indicated that the proposed language 
did not distinguish over the cited art The Examiner suggested incorporating the 
following language to distinguish over the cited reference and place claim 1, and any 
claims depending from claim 1 , in condition for allowance: _!linomtoring the pressure at 
every position of the selected region " with reference to the applied pressure. 

3) The Examiner's Statement of Reasons for Patentability/Confirmation of Claims 3 
and 9 - 1 1 were discussed. The Patentee has taken the position that the definition of the 
term "burnishing density" as used by the Examiner does not appear to be consistent with 
the definition of the term as use in the subject patent The Examiner acknowledged that 
confusion over the definition of the term could exist and agreed to review his Statement 
and amend if necessary. 
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Respectfully submii 



September 8, 2D06 


MarkF. Smith (32,437) 
Attorney of Record 


Smith Brandenburg & Novak Ltd. 
905 Ohio Pike 
Cincinnati. Ohio 45245 
(513)752-5350 Phone/Fax 
marksfSjsbtechnologvlaw.com 
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United States Patent and Trademark Office 


UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Omce 

Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

Alexandria, Virginia 223I3-I4S0 
www.usplo.gov 


APPLICATION NO. 

FILING DATE 

FIRST NAMED INVENTOR 

ATTORNEY DOCKET NO. 

CONFIRMATION NO. 

90/007,383 

01/18/2005 

6622570 
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Mark F. Smith 

SMITH, BRANDENBURG & NOVAK LTD 
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EXAMINER 


ART UNIT 


PAPER NUMBER 


DATE MAILED: 09/22/2006 


Please find below and/or attached an Office communication concerning this application or proceeding. 


PTO-90C (Rev. 10/03) 



United States Patent and Teademark Office 


Commissioner for Patents 
United States Patent and Trademark Office 

P.O. B0X14S0 

Alexandria, VA 2231 3-1 450 
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9/22/2006 

THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS 

Terry Jacobs 

Ecoroll Corporation Tool Technology 
502 Technecenter Dr., Suite C 
Milford, OH 45150 


EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM 

REEXAMINATION CONTROL NO 90/007383 
PATENT NO. 6,622,570 
ART UNI 3992 


Enclosed is a copy of the latest communication from the United States Patent 
and Trademark Office in the above identified ex parte reexamination 
proceeding (37 CFR 1.550(f)). 

Where this copy is supplied after the reply by requester, 37 CFR 1.535, or the 
time for filing a replly has passed, no submission on behalf of the ex parte 
reexamination requester will be acknowledged or considered (37 CFR 1.550(g)). 


Control No. 


Patent Under Reexamination 


Ex Parte Reexamination Interview Summary 


90/007,383 


6622570 


Examiner 


Art Unit 


Minh Nguyen 


3992 


All participants (USPTO personnel, patent owner, patent owner's representative): 


(1) Minh Nguyen 


(3) Paul Prevev 


(2) Mark Smith 


(4) Brian Tent 


Date of Interview: 07 September 2006 

Type: a)K Telephonic b)n Video Conference 

cjn Personal (copy given to: 1 )□ patent owner 2)0 patent owner's representative) 

Exhibit shown or demonstration conducted: d)^ Yes e)K No. 
If Yes, brief description: 

Agreement with respect to the claims f)n was reached. g)n was not reached. h)K N/A. 

Any other agreement(s) are set forth below under "Description of the general nature of what was agreed to. . ." 

Claim(s) discussed: 1 

Identification of prior art discussed: article AO-4088/1E . 

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: 
please see attachment. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
patentable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
patentable is available, a summary thereof must be attached.) 


A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION MUST INCLUDE PATENT OWNER'S 

STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. (See MPEP § 2281 ). IF A RESPONSE TO THE 

LAST OFFICE ACTION HAS ALREADY BEEN FILED, THEN PATENT OWNER IS GIVEN ONE MONTH FROM THIS 

INTERVIEW DATE TO PROVIDE THE MANDATORY STATEMENT OF THE SUBSTANCE OF THE INTERVIEW 

(37 CFR 1 .560(b)). THE REQUIREMENT FOR PATENT OWNER'S STATEMENT CAN NOT BE WAIVED. EXTENSIONS 

OF TIME ARE GOVERNED BY 37 CFR 1.550(c). 
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cc: Requester (If third party requester) 
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U.S. Patent and Tiademartt Office 
PTOL-474 (Rev. 04-01) 


Ex Parte Reexamination Interview Summary 


Paper No. 20060907 


Application/Control Number: 90/007,383 
Art Unit: 3992 
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1 . The Patent Owner raises concerns about the publicly accessible of the reference 
AO-4088/1 E and asks whether further information can be provided by the USPTO to 
show that the reference AO-4088/1 E were indeed publicly accessible on March 19*, 
1996 as indicated by the third party Requester. 

2. The Patent Owner indicates that claim 1 requires that the applied pressure is 
precisely and constantly regulated by constantly monitoring the pressure at every 
position on the selected region. The monitoring process can be done, for example, by 
pressure sensor 130 as disclosed in the disclosure. Whereas the reference merely 
teaches the action of turning ON-OFF the hydraulic unit. The examiner suggests that 
the Patent Owner includes that language into the claim and file a request for 
reconsideration. 

3. The Patent Owner clarifies the term "burnishing density" used in the claims and 
indicates that the term should be interpreted as described in column 8, lines 6-19 and 
Figs 5A-B of the US Patent No. 6,622,570 which is being reexamined. 
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AMENDMENTS TO THE CLAIMS 

In the claims: 

1 . (Currently Amended) A method of reducing zones of high tensile stress in the 
surface of a part comprising the steps of: 
selecting a region of the part to be treated; and 

exerting a controlled variable pressure against the surface of the selected 
region, wherein the pressure being applied is precisely and constantly 
regulated bv monitoring th e pressure at every p ositi on of the selected re^ on 
such that the magnitude of compression decreases in the direction towards the 
boundaries of the selected region in a controlled manner to minimize the 
effects of any tensile stress zones near the boundaries. 


(Original) The method of claim 1 wherein the pressure being exerted against 
the surface of the part is performed by a burnishing opeiation. 

(Previously Amended) The method of claim 2 wherein the burnishing 
operation includes varying the burnishing density to modiiy the magnitude of 
compression in the selected region. 

(Original) The method of claim 1 wherein said pressure being exerted on the 
surface of the part induces a deep layer of compression within the surface 
having associated cold working of less than about 5.0 percent. 
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5. (Original) The method of claim 1 wherein said pressure being exerted on the 
surfece of the part induces a deep layer of compression within the surface 
having associated cold working of less than about 3.5 percent. 

6. (Previously Amended) The method of claim 1 wherein the step of selecting 
the magnitude of compression includes die step of programming a control unit 
to automatically reduce the magnitude of compression in the direction towards 
the boundaries of the selected region in a controlled manner. 

7. (Previously Amended) The method of claim 1 wherein the step of exerting 
controlled variable pressure against the surfece of the selected region includes 
the step of programming a control unit to control the application of said 
controlled variable pressure. 

8. (Original) The method of claim 1 wherein the part is selected from the group 
consisting of automotive parts, aircraft parts, marine parts, engine parts, motor 
parts, machine parts, drUling parts, construction parts, and pump parts. 
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9. (Previously Amended) A method of reducing high tensile stress zones in the 
surface of a part comprising the steps of: 
selecting a region of the part to be treated; and 

prograniming a control unit of a burnishing ^aratus to perform a burnishing 
operation, the burnishing operation being performed such that the density of 
burnishing, the magnitude of compression, and the pressure being applied 
against the surface are varied in a controlled manner to reduce the high tensile 
stress zones along the boundaries of the selected region. 

1 0. (Original) The method of claim 9 wherein said burnishing operation induces a 
deep layer of compression within the surface having associated cold working 
of less than about 5.0 percent. 

1 1 . (Original) The method of claim 9 wherein said burnishing operation induces a 
deep layer of compression within the surfece having associated cold working 
of less than about 3.5 percent. 
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REMARKS 

Claims l-Il remain in this reexamination application. Claims 1 - 2 and 4-8 
stand rejected. Claim 1 has been amended as shown. Claims 3 and 9-11 are patentable 
and/or confirmed. 

The amendment to Claim 1 is a result of a telephone Interview with the Examiner 
on September 7, 2006. An Interview Summary is attached hereto. During the Interview, 
the language of Qaim 1 was discussed with regard to reference "Application Description 
NR. AO-4088/1E, Deep Rolling" that appears to have been published on March 19, 1996. 
During the Interview it was established that the Examiner does not believe that the term 
"controlled manner" as provided in independent Claim 1, does not render the metes and 
bounds of the claim clear. Accordingly, the Examiner suggested that Claim 1 be 
amended to place the Claim in better condition for allowance. In response to the 
Examiner's suggestion, Claim 1 has been herein amended to incorporate the Examiner's 
suggested claim language. 

During the Interview, the Examiner's Statement of Reasons for 
Patentability/Confirmation of Claims 3 and 9 - 11 were also discussed. Based on the 
hiterview, it appears that the Examiner's interpretation of the meaning of the term 
"burnishing density" is not consistent with the meamng expressed in the subject 
specification. Accordingly, it is the Patentee's understanding that the Examiner has 
agreed that the Claims should be reviewed in light of the meaning "burnishing density" 
provided by the subject specification. 

Patentee submits the following remarks and hereby requests that this Amendment 
be admitted and entered and the patentability of Claims 1 -2 and 4-8 confirmed. 
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I. Claim Rejections - 35 USC § 102 

The Exanunex's rejection of Claims 1-2 and 6-8 under 35 USC 102(b) as being 
anticipated by the article "Application Description NR. AO-4088/1E, Deep Rolling" 
(article AO-4088/1E, hereinafter) is respectfully traversed, 

A reference anticipates a claimed invention when the reference teaches "every 
aspect of the claimed invention, either explicitly or impliedly". MPEP 706.02. When a 
cited reference does not explicitly or impliedly teach a feature, that feature must be 
inherently present in the cited reference in order to anticipate the claimed invention. 
MPEP 706.02. Patentee contends that article AO-4088/1E does not teach or otherwise 
contain all the limitations of Claims 1-2 and 6-8. 

The Patentee submits that Claim 1, as amended, provides that the pressure being 

applied against the surface of the selected region and the magnitude of compression 

decreases in the direction towards the boundaries of the selected region in a controlled 

manner to minimize the effects of any tensile stress zones near the boundaries. 

To accomplish this teaching, the subject patent discloses the following structure: 

A pressure sensor 130, such as a pressure transducer, [] connected to the fluid 
passage 118 for monitoring fluid pressure and is coupled to a control unit 132, 
such as a computer or a numerical controller, which is also coupled to either a 
position regulator 134, such as a spring, or a pressure regulator 136, such as a 
hydraulic or pneumatic system, that operate with the burnishing member 106 to 
provide the proper burnishing pressure being exerted against the surface 108 of 
the part 110. 

Prevey '570, col. 10. lines 11-20 and Fig. 10 (emphasis added). This combination of 

elements works in cooperation to deliver a precisely and constantly regulated controlled 

variable pressure in the following manner; 

during burnishing, the further most portion of the burnishing member 106 
contacts the surface 108 of the part 110 causing the burnishing member 
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106 to move inwardly into the socket 102 thereby reducing tiie clearance 
116 between the burnishing member 106 and the socket 102 thereby 
increasing the pressure of the fluid in the fluid passage 118. The increase 
in fluid pressure is detected by the pressure sensor 130 which is coupled to 
the control unit 132 that functions to adjust the force F being applied to 
the burnishing member 106 to maintain a constant or controlled variable 
burnishing pressure against the surface of 108. 

Further, Prevey '570, col. 10, lines 41-52 and Fig. 10 (emphasis added). As a result, "the 
pressure of the compressive force exerted on the surface 108 of the part 110 by the 
burnishing member 106 can be predsely regulated to provide optimum surfece fuiish 
and uniform burnishing of the part." Prevey '570, col. 10, lines 59-63. 

Accordingly, the pressure is decreased tovrards the boundaries in a controlled 
manner. Further, as shown in the subject specification, the step of monitoring the 
pressure at every position of the selected region is inherent to the method of exerting a 
controlled variable pressure and further decreasing the magnitude of compression in the 
direction towards the bouridaries of the selected region in a controlled manner . 

In order to make the limitations of "exerting a controlled variable pressure" and 

"in a controlled manner" more clear, the Patentee has adopted the Examiner's suggestion 

and has amended Claim 1 accordingly. Claim 1 now provides: 

"...exerting a controlled variable pressure against the surface of the selected 
region, wherein the pressure being applied is precisely and constantly regulatgd 
by monitoring the pressure at every position of the selected reff inn such that the 
magnitude of compression decreases in the direction towards the boundaries of 
the selected region in a controlled manner to minimize the effects of any tensile 
stress zones near the boundaries." 


The Patentee respectfully submits that article AO-4088/1E does not teach, either 
expressly or impliedly, every aspect of Claim 1, as amended, of the subject patent. More 
specifically, article AO^088/lE does not contain any teaching directed to decreasing the 
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magnitude of compression in the direction towards , the boundaries of the selected region 
in a controlled manner, i.e. AO-4088/1E does not teach exerting a controlled variable 
pressure and/or applying pressure which is precisely and constantly regulated by 
monitoring the pressure at every position of the selected region. 

The Examiner, citing page 4, second paragraph of article AO-4088/1E, takes the 
position that article AO-4088/1E discloses the application of variable pressure such that 
the magnitude of compression decreases in direction towards the boundaries of the 
selected section. Patentee submits that article AO-4088/1E does not teach the application 
of di controlled variable pressure such that the decrease in the tnagnitude of compression 
is controlled in the direction towards the boundaries of the selected region. Further, the 
reference does not teach that the pressure is precisely and constantly regulated 
monitoring the pressure at every position of the selected region. 

In addition, the "slow build up of the pressure" and "slow pressure drop" 
discussed in article AO-4088/1E is not accomplished in a controlled manner and the 
pressure is not precisely and constantly regulated and monitored, as in the subject patent 
but is, instead, a function of whether the "hydraulic unit" is turned on or off. This does 
not afford precisely and constantly regulated control over the rate at which pressure 
builds or decreases and there is no showing that the pressure is monitored at every 
position of the selected region. Instead, pressure builds at a fixed rate when the hydraulic 
unit is switched on and the pressure decreases at a fixed rate when the hydraulic unit is 
switched off. Article AO-4088/1E does not teach or disclose precisely and constantly 
regulating by monitoring the iqjplied pressure and controlling the rate at which the 
applied pressure builds and decreases and adjusting the hydraulic pressure accordingly so 
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as to exert a controlled variable pressure and thereby adjust the magnitude of 
compression in a controlled manner as is taught in the subject patent 

In view of the foregoing whereby it has been shown thai article AO-4088/1E do« 
not teach every aspect of Claim 1 of the Prevey '570 patent, article AO-4088/1E does not 
anticipate Claim 1 of the Prevey '570 patent. 

With regard to dependent Claims 2 and 6-8 collectively, any claim that depends 
from an allowed claim may also be allowed. See Ex parte Ugh, 1 59 USPQ 6 1 , 62 (Bd. of 
Pat. App. & Inter. 1967). Therefore, provided that the Examiner has found persuasive 
Patentee's arguments in traverse of the rejection of Claim 1, Patentee respectfiilly 
submits that Claims 2 and 6-8, which depend directly from Claim 1, are in proper 
condition for allowance and requests favorable reconsideration of these Claims. 
II. Claim Rejections - 35 USC § 103 

Three criteria must be met in establishing a prima fecie case of obviousness: 

1. Some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, 
to modify the reference or to combine the reference teachings; and 

2. A reasonable expectation of success; and 

3 . The prior art reference (or references when combined) must teach or 
suggest all the claim limitations. 

MPEP § 2143. The Examiner has not established a prima facie case of obviousness with 
respect to Claims 4-5. 
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A. Claims 4 and 5 

The rejection of Claims 4 and 5 under 35 U.S.C. 103(a) as being unpatentable 
over article AO-4088/1E in view of US Patent No. 5,826,453, issued to Prevey, III 
(hereinafter "Prevey ' 453 "), is respectfully traversed. 

The Examiner has rejected Claim 4 and Claim 5 as being unpatentable over article 
AO-4088/1E in view of Prevey '453. The Patentee restates the arguments made 
hereinabove with respect to Claim 1 from which both Claim 4 and Claim 5 depend. 
Further, the patentee respectfully submits that the combination of AO-4088/1E with 
Prevey '453 does not teach or suggest all the limitations of Patentee's Claim 4 or Claim 
5. There is no suggestion or motivation in the cited references, and the Examiner has 
provided no such suggestion or motivation, to combine or modify either reference to read 
on the Claims of the- subject invention nor is there any indication of a reasonable 
expectation of success. As such, the Examiner has failed to establish the iwima facie case 
of obviousness with respect to Patentee's Claim 4 and Claim 5. 

In view of the foregoing Amendments and Remarks, Patentee respectfully 
requests reconsideration of the Examiner's rejections and a favorable finding of 
patentability. 


Smith Brandenburg &. Novak Ltd. 
905 Ohio Pike 
Cincinnati, Ohio 45245 
(513)752-5350 Phone/Fax 
marksfgsb technolo^ vlaw p.nrn 



September 8, 2006 


Mark F. Smith (32,437) 
Attorney of Record 
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CERTIFICAtlON OF SERVICE 
I, Mark F. Smith, hereby certify that a copy of the attached response filed on September 
8, 2006, has been sent on September 8, 2006, by First Class Mail, to Mr. Terry Jacobs. 
Ecoroll Corporation Tool Technology, 502 Technecenter Drive, Suite C, Milford, Ohio 
45150. 
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Applicant : Paul S. Prevey m 
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Title METHOD FOR REDUCING TENSILE STRESS ZONES 

IN THE SURFAE OF A PART 
Art Unit 3992 

Exanoiner : MinhNguyen 

Docket No. : LRI-003RE 


Mail Stop Ex Parte Reexam 
ATTN: Central Reexamination Unit 
Coaunisslooer for Patents 

P.O. Box 1450 yfy 

Alexandria, VA^^<(i450 

] ^ ^ K AMENDMENT 

Sir: 

In response to the Final Office Action of August 11, 2006, please amend the 
above identified reexamination application as follows, and consider the attached remarks. 

CERTIFICATE OP TRANSMISSION 

Lll^'?Sn*1ffi tll^^ correspondence is being transmitted to: Commissionef for Patents. P.O. 
BOX 1450. Mail Stop Ex Parte Reexam. Central Reexamination Unit, Alexandria. VA 22313-1450 
via Facsimile phone number 571-273-8900 on September 8 2008 .> ' • . v i j i*ou, 
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subject to reopening at the initiative of the Office or upon petition. Cf. 37 CFR 1 .31 3(a). A Certificate will be 
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(a) ^ Patent owner's communication(s) filed: 08 September 2006 . 
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STATEMENT OF REASONS FOR PATENTABILITY AND/OR CONFIRMATION 

1 . The following is an examiner's statement of reasons for patentability and/or 
confirmation of the claims found patentable in this reexamination proceeding: 
Claims 1-1 1 are allowed and/or confirmed. 

Claim 1 is patentable because the prior art of record fails to disclose or suggest 
the step of exerting a controlled variable pressure against the surface of the selected 
region wherein the variable pressure is constantly monitored and regulated at every 
position of the selected region. The inclusion of the recited step defines patentability 
over the prior art of record because it defines a distinguished action for reducing zones 
of high tensile stress in a surface of a part which is not taught by the prior art of record, 
alone or in combination. The closest references, article AO-4088/1 E and Operating 
Instructions No. 080592E/3, teach the step of exerting to apply a controlled variable 
pressure against the surface of the selected region. However, it does not teach the 
variable pressure being constantly monitored and regulated at every position of the 
selected region as recited in the claim. These articles expressly teach this step by 
turning OFF the hydraulic unit to create a variable pressure when the unit is moving 
towards the boundaries; however, when the unit is OFF, the pressure can not be 
regulated at every position of the selected region. Other references of record only 
describe the tools used for burnishing but fail to teach this specific step for reducing 
zones of high tensile stress in a surface of a part. 


Application/Control Number: 90/007,383 Page 3 

Art Unit: 3992 

Claims 2-8 are dependent of claim 1 , and therefore, they are allowed for the 
same reason noted in claim 1 . 

Claim 9 is patentable because the prior art of record fails to disclose or suggest 
the step of varying both the burnishing density and the magnitude of compression in a 
controlled manner ( the meaning of the term "burnishing density" is described in figure 5 
and col 8:6-19). The inclusion of this step defines patentability over the prior art of 
record because it defines a distinguished action for reducing zones of high tensile stress 
in a surface of a part which is not taught by the prior art of record, alone or in 
combination. The closest references, article AO-4088/1 E and Operating Instructions 
No. 080592E/3, do not teach the step of increasing and decreasing spacing of the 
pressure between each pass in addition to exerting a variable pressure on the surface 
of the part as recited in the claim. Other references of record only describe the tools 
used for burnishing but fail to teach this specific step for reducing zones of high tensile 
stress in a surface of a part. 

Claims 10-1 1 are dependent of claim 9, and therefore, they are confirmed for the 
same reason noted in claim 9. 

Any comments considered necessary by PATENT OWNER regarding the above 
statement must be submitted promptly to avoid processing delays. Such submission by 
the patent owner should be labeled: "Comments on Statement of Reasons for 
Patentability and/or Confirmation" and will be placed in the reexamination file. 
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2. All correspondence relating to this ex parte reexamination proceeding should be 
directed as follows: 


By U.S. Postal Service Mail to: 

Mail Stop Ex Parte Reexam 
ATTN: Central Reexamination Unit 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 


By FAX to: 

571-273-9900 

Central Reexamination Unit 


By hand to: 

Customer Service Window 
Randolph Building 
401 Dulany St. 
Alexandria, VA 22314 
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3. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to IVIinh Nguyen whose telephone number is 571-272- 
1748. The examiner can normally be reached on Monday, Tuesday, Thursday, Friday 
7:00-5:30. If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Mark Reinhart, can be reached on 571-272-1611. 

4. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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(57) ABSTRACT 

The present invention is a novel method for reducing tensile 
zones in the surface of a part comprising the steps of select- 
ing a region of the part to be treated and programming a 
control unit of a burnishing apparatus to perform. a burnish- 
ing operation, the burnishing operation being performed 
such that the density of burnishing and the magnitude of 
compression are varied to reduce the high tensile stress 
along the boimdaries of the selected region. In a preferred 
embodiment of the invention the burnishing operation 
induces a deep layer of compression within the surface hav- 
ing associated cold working of lens than about 5.0 percent. 
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THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the jg 
patent; matter printed in italics indicates additions made 
to the patent. 
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AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

Gaims 1, 3, 6, 7 and 9 are detennined to be patentable as 
amended. 


Qaims 2, 4, 5, 8 and 10-11, dependent on an amended 
claim, are detennined to be patentable. 

1. A method of reducing zones of high tensile stress in the 
surface of a part comprising the steps of: 
selecting a region of the part to be treated; and 25 
exerting a controlled variable pressure against the surface 
of the selected region, the pressure being applied such 
that the magnitude of compression decreases in the 
direction towards the boundaries of the selected region 


in a controlled manner to minimize the effects of any 

tensile stress zones near the boundaries. 
3. The method of claim 2 wherein the burnishing opera- 
tion includes varying the burnishing density to modify the 
magnitude of compression along the boundaries of the 
selected region. 

6. The method of claim 1 [further] wherein the step of 
selecting the magnitude of compression includes the step of 
programming a control unit to automatically reduce the 
magnitude of compression in the direction towards the 
boundaries of the selected region in a controlled manner. 

7. The method of claim 1 wherein the step of exerting 
controlled variable pressure against the surface of the 
selected region includes the step of programming a control 
unit to control the appUcation of said controlled variable 
pressure. 

9. A method of reducing high tensUe stress zones in the 
surface of a part comprising the steps of: 
selecting a region of the part to be treated; and 
programming a control unit of a burnishing apparatus to 
perform a burnishing operation, the burnishing opera- 
tion being performed such that the density of 
burnishing, the magnitude of compression, and the 
pressure being appUed against the surface are varied in 
a controlled manner to reduce the high tensile stress 
zones along the boimdaries of the selected region. 


EXHIBIT 9 


Claims as Ordered Entered Sept. 26, 2006 


1 . (Currently amended) A method of reducing zones of high tensile stress in the surface of a part 
comprising the steps of 

selecting a region of the part to be treated; and 

exerting a controlled variable pressure against the surface of the selected region, wherein the pressure 
being applied is precisely and constantly regulated by monitoring the pressure at every position of the 
selected region such that the magnitude of compression decreases in the direction towards the boundaries 
of the selected region in a controlled manner to minimize the effects of any tensile stress zones near the 
boundaries. 

2. (Original) The method of claim 1 wherein the pressure being exerted against the surface of the 
part is performed by a burnishing operation. 

3. (Previously Amended) The method of claim 2 wherein the burnishing operation includes varying 
the burnishing density to modify the magnitude of compression in the selected region. 

4. (Original) The method of claim 1 wherein said pressure being exerted on the surface of the part 
induces a deep layer of compression within the surface having associated cold working of less than about 
5.0 percent. 

5. (Original) The method of claim 1 wherein said pressure being exerted on the surface of the part 
induces a deep layer of compression within the surface having associated cold working of less than about 
3.5 percent. 


6. (Previously Amended) The method of claim I wherein the step of selecting the magnitude of 
compression includes the step of programming a control unit to automatically reduce the magnitude of 
compression in the direction towards the boundaries of the selected region in a controlled manner. 

7. (Previously Amended) The method of claim 1 wherein the step of exerting controlled variable 
pressure against the surface of the selected region includes the step of programming a control unit to 
control the application of said controlled variable pressure. 

8. (Original) The method of claim 1 wherein the part is selected from the group consisting of 
automotive parts, aircraft parts, marine parts, engine parts, motor parts, machine parts, drilling parts, 
construction parts, and pump parts. 

9. (Previously Amended) A method of reducing high tensile stress zones in the surface of a part 
comprising the steps of; 

selecting a region of the part to be treated; and 

programming a control unit of a burnishing apparatus to perform a burnishing operation, the burnishing 
operation being performed such that the density of burnishing, the magnitude of compression, and the 
pressure being applied against the surface are varied in a controlled manner to reduce the high tensile 
stress zones along the boundaries of the selected region. 

10. (Original) The method of claim 9 wherein said burnishing operation induces a deep layer of 
compression within the surface having associated cold working of less than about 5.0 percent. 

1 1 . (Original) The method of claim 9 wherein said burnishing operation induces a deep layer of 
compression within the surface having associated cold working of less than about 3.5 percent. 


